INTRODUCTION
In the mid-1980s, explosive release of gas (Freeth and Kay, 1987; Sigurdsson et al., 1987; Kling et al., 1987; Kusakabe et al., 1989; Lockwood and Rubin, 1989) , mainly magmatic CO 2 (Sigurdsson et al., 1987; Kusakabe et al., 1989; Allard et al., 1989) previously accumulated at the bottom of lakes Nyos and Monoun killed about 1800 people and made thousands refugees (Tanyileke et al., 1996) . Lakes Nyos and Monoun are located on the Cameroon Volcanic Line (CVL), a 1600 km long chain of Cenozoic volcanoes (Sato et al., 1990) trending from the Atlantic Ocean, inland, to Adamaua plateau (Fig. 1) . Lake Nyos occupies an area of 1.58 km 2 and is 210 m deep as against 0.31 km 2 and a maximum depth of 100 m for Lake Monoun. The latter is made up of three basins; the largest basin contains high concentrations of gas.
Post eruptive studies have shown that the gas erup-eruption. Beside the proposed potential causes above, CH 4 was also believed to initiate a limnic eruption (Evans et al., 1994) . The possibility that CH 4 destabilizes the lakes has never been carefully examined though such a risk cannot be discarded completely. For example, there were concerns that the volcanic eruption of Nyiragongo might trigger a CH 4 -CO 2 massive gas exhalation from Lake Kivu (which contains very high quantities of dissolved CO 2 and dominantly biogenic CH 4 ) with unpredictable consequences (Tietze et al., 1980; Wauthier et al., 2002; Schmid et al., 2005; Pasche et al., 2011) . Together with the potential forcing mechanism, Pasche et al. (2011) proposed that an endogenic catastrophic scenario stemming from CH 4 accumulation is probable by ~2100 because CH 4 concentrations in the lake have increased by up to 15% in the last 30 years. Given the precedent arguments, this work attempts to document the potential threat that continuous increase in CH 4 might pose, by assessing its evolution and evaluating its contribution to the total gas pressure.
Much has been done during the last two and half decades to understand the Cameroonian gassy lakes in terms of hazards prevention (Freeth and Kay, 1987; Kling et al., 1987; Sigurdsson et al., 1987; Tazieff et al., 1987; Lockwood and Rubin, 1989; Tietze, 1992; Evans et al., 1994; Kusakabe et al., 2000; Halbwachs and Sabroux, 2001) . To assess the CH 4 hazardous potential, three field surveys were conducted at the lakes in January and December 2007 and January 2011. Specific goals were (1) to measure concentrations of all detectable gas species, and (2) to evaluate their contribution to the total dissolved gas pressure and saturation level using a new technique derived from the modification of the method used by Yoshida et al. (2010) . A portable gas-analyser (refer to as GA, hereafter) was used for measuring the dissolved gas composition.
MATERIALS AND METHODS
Apparatus used for the field sampling constituted of an IR-based portable biogas analyser, a hose of suitable length, a separator and other devices as in Yoshida et al. (2010) . The apparatus serves to measure all parameters necessary to determine the gas concentrations and pressures. Using the Henry Law's approach, we converted the dissolved gas concentrations to their partial pressures. Polynomial fitting parameters for logK H (t) have been taken from Taran (2005) .
General description of material and sampling techniques
Since the mid-1980s disasters at lakes Nyos and Monoun, several techniques have been used to determine the concentrations and subsequently estimate the gas content in the lake water. Those techniques were partially laboratory dependent; they include gas collection in preevacuated steel cylinders (Nojiri et al., 1993; Evans et al., 1994) and in-situ fixation of CO 2 species (Kusakabe et al., 2000) . Another technique based on self-gas lifting principles, the "Flute De Pan" (FDP) was used to estimate gas/water ratio (Halbwachs et al., 1993, Halbwachs and Sabroux, 2001) . Recently, the FDP was coupled with another apparatus used to study non-condensable volatiles in hydrothermal systems to precisely measure CO 2 in the lakes . In brief, a hose of a small inner diameter (e.g., 12 mm) is deployed from the surface into the gas-rich bottom waters. Then the water contained in the hose is sucked to the surface to initiate the flow of the water-gas mixture. Once the hose is primed, the mixture flows spontaneously driven by the gas phase exsolution (gas self-lifting) permitting the gas and water phases to be sampled using adequate apparatus. The process is self-sustaining and sampling from deeper to shallower depths can be executed until the releasing gas vol- ume is not enough to drive the process. In this study, an on-site analytical apparatus was integrated in the system to estimate the volume proportion of the different gas species. Subsequently, the concentrations of the gases have been converted into their respective partial pressures to evaluate their contribution to the total gas pressure (TGP) and saturation level.
Once the biphasic fluid is brought to the surface, the mixture is directed into a separator. Determination of CO 2 concentrations was done following Yoshida et al. (2010) (Fig. 2 ; Photo 1). For the CH 4 analysis, a module consisting of an inverted 4 L bottle (separator), a bucket and a portable gas analyser (Geotechnical Instrument model GA2000) was used (Fig. 2, Photo 2) . As the water-gas mixture is directed into the separator, its mouth is submerged and maintained under water, inside the bucket so as to allow gas to build up while avoiding atmospheric contamination. A glass tube fitted with a silicone rubber tube was inserted in the separator to let the gas escape and flow towards the GA (Fig. 2, Photo 2) .
The biogas analyser
The GA uses a dynamic flow system to perform analysis. CH 4 is analysed by dual beam infrared absorption and CO 2 by infrared absorption at specific wavelength. Although the GA was calibrated in the factory, CH 4 and CO 2 channels can be also user calibrated. The calibration can be done using gas mixtures with predetermined concentrations. For CH 4 measurements, the GA is calibrated using a certified methane mixture and it gives correct readings if there are no other hydrocarbons (e.g., ethane, propane ...). If there are other hydrocarbons present, the CH 4 reading will be higher (never lower) than the actual methane concentration being monitored. For carbon dioxide, since it is analysed at specific wavelength, readings is not affected by any other gases present in the sample. Factory calibrated limits of CO 2 and CH 4 readings are below 65% with an accuracy of ±0.5. The CH 4 sensor has been auto-zeroed so that, a purge in clean air will display "zero" value. For CO 2 , after similar operation, the GA should display its atmospheric value of 0.039%. This configuration permits the user to check for eventual drift in the course of sampling. Relative gas concentrations are given in per cent volume (hereafter referred to as %CH 4 or %CO 2 ). Response time is basically ~20 seconds. During the measurements, the GA was regularly purged in 
Sampling and analysis of CH 4 and CO 2
When a two phase fluid flows in a pipe, each phase is subjected to specific friction. In the case of the FDP technique, as the fluid-gas mixture ascends, pressure reduces hence allowing the gas phase to come out of solution and escapes towards the surface more rapidly than the water. The consequence of such differential flow is that the measured liquid phase and gas phase may likely not represent in-situ values. To minimize the effects of these inconveniences, sufficient time (~10 minutes) was allocated to stabilize gas-water-mixture regime to achieve a steady state that reflects in-situ conditions prior to record parameters or to collect samples.
We first measured the necessary parameters (gas flow rate, gas and water volumes, water temperatures, gas temperature, and line pressure) to determine the total volume of gas (V t ) exsolved. Once V t has been determined, Photo 1. System for gas volume and determination of parameters necessary for gas volume calculation (lake water temperature measured using hand thermometer, gas pressure is measured by inbuilt manometer, temperature of gas is obtained by gas meter inbuilt thermometer).
Photo 2. The GA is connected to the inverted separator to analyse the gas. CO 2 and CH 4 concentrations in water can be obtained as describe in Supplementary Materials by using the additional information concerning their volume proportion provided by the GA.
FDP-GA measurements were conducted in January and December 2007. More recently, in January 2011, gas was sampled in Pyrex glass tubes with stopcocks at lakes Nyos and Monoun by connecting the tube directly to the FDP line following Nagao et al. (2010) ; this sampling technique permits to collect contamination-free gas samples. Twelve samples were collected at Lake Nyos at depths below 170 m where the gas self-lifting capability declines significantly making it impossible to sample shallower depths. Lake Monoun was not sampled in January 2011 because gas concentration was not enough to drive the FDP. Gas samples collected in Pyrex glass were analysed at Hokkaido University using a continuous-flow gas chromatograph (Agilent 6890) for determination of CH 4 concentrations following Hirota et al. (2010) . Analytical precision was better than 5%.
Computation of CH 4 and CO 2 concentrations
Calculation of the dissolved gas concentrations was derived from Yoshida et al. (2010) . But that work's target was the determination of concentrations of CO 2 only assuming it is the only gas present in the lakes. Although CO 2 constitutes the overwhelmingly dominant specie, the lakes also contain other gases (Giggenbach, 1990; Evans et al., 1994; Kling et al., 2005) contributing to the total gas pressure and whose effect on the stability of the water column may not be negligible.
Procedure to obtain the total volume (V t ) of CO 2 dissolved in a given amount of water has been thoroughly described in Yoshida et al. (2010) . The total dissolved gas volume is defined as: V t = V + V r where V represents the corrected (for water vapour contribution to the internal pressure of the measuring line) volume V 1 given by the gas flow meter and V r is the residual volume of gas that remains dissolved in the liquid phase at barometric pressure. Compare to Yoshida et al. (2010) , the modifications introduced here concern (a) the formulation of a single equation to calculate V t in a single-step and, (b) the possibility to use the volume fraction of each gas to compute its individual concentration (see Supplementary Materials for details).
It should be noted that the method was directly implemented without checking for reproducibility. However, the results will be subsequently compared to the total gas pressure profiles (TGP) obtained using a gas pressure probe to check for the applicability of the method. TGP have been measured using a silicone rubber gas probe. Measurement consists of deploying the probe at target depths and, let gas diffuse into it through the semipermeable membrane. The gas then flows through a capillary tube to a pressure gauge where the pressure is measured. Pressures are recorded when they are stably displayed after allocating approximately one hour for the probe to equilibrate with in-situ conditions (see Evans et al. (1993) for details. Yoshida et al. (2010) has shown that CO 2 concentrations they obtained were in a good agreement with the 2006 data obtained by the syringe method (Kusakabe et al., 2000) . Therefore, we believed that FDP/gasmeter-GA technique will have the advantage to qualitatively enhance the monitoring of the gassy lakes.
RESULTS AND DISCUSSION

GA gas readings
GA fraction readings in per cent volume of CO 2 and CH 4 are shown in Table 1 . Because CO 2 concentrations in the lakes fall out of GA calibrated range (OR = Out of Range), the volume fractions of CO 2 (referred to as %*CO 2 ) in the last columns were obtained as the difference between 100% and %CH 4 under the assumption that lakes contain only methane and carbon dioxide. At Lake Kling et al. (2005) .
Monoun, since CH 4 concentrations at 91.5 m and 93 m did not vary, the same volume fraction value (in italic) was assigned to 92 m depth (see Table 1 ). Relative CH 4 volume fractions at Lake Monoun range from 2.6% to 1.5% (Table 1) , for an average value of ~2% for depth below 91 m. At Lake Nyos the CH 4 fractions range from 0.2 to 1% in depth between 120 and 207 m, for an average of 0.46%. These proportions are similar to those reported previously (Evans et al., 1994; Kling et al., 2005) . It is noteworthy that the volume proportion of CH 4 at Lake Nyos is lower than that of Lake Monoun, which appears to be more productive in terms of CH 4 , probably due to its phytogeographical and hydrological settings. In fact, the lake is a through flow lake which occurs in the Panke River channel; the river which drains a highly anthropogenized catchment area (27 km 2 ) collects quantity of organic and human detritus which may serve as the primary material for the methane production. Reversely, Lake Nyos has a smaller catchment (area 8 km 2 ) and is topographically isolated and less anthropogenized. The biogenic production of CH 4 comprises microbial reduction of CO 2 and thermogenic decay of organic matter. Although not thoroughly investigated yet, the origin of CH 4 in lakes Nyos and Monoun has been thought to be biogenic (Evans et al., 1994 , Kling et al., 2005 .
CH 4 increase rates and profiles
Calculated dissolved CH 4 and CO 2 concentrations are shown in Tables 2 and 3 for lakes Nyos and Monoun respectively. They originate from four different methods: Laboratory analysis and GA (superscript by (a)), interpolation (superscript (b)) and literature indicated by superscript (c) (Kling et al., 2005) . Interpolation was done by carefully following the time evolutionary trend displayed by the previous data on one hand, and by observing if the derived values depict the general profile of gas in the lakes as shown by 2011-CH 4 profile in Fig. 3 on the other hand.
The shape of the 2011-CH 4 profile (Fig. 3 ) looks much like CO 2 profiles published in literature (e.g., Kling et al., 2005; Kusakabe et al., 2008) ; CH 4 concentrations decrease from 1109 µmol/L at 170 m to 1026 µmoles/L at 175 m depth, and then, increase to 1154 µmol/L at about 185 m depth where the lower chemocline is located (Kusakabe et al., 2008) . Concentrations then decrease again to a minimum of 814 µmoles/L at 200 m before sharply increasing down to ~209 m depth where its concentration reaches 2555 µmoles/L. Finally, another decrease from 209 m depth to 2010 µmoles/L is observed. The shape of the profile seems to be quite complex. However, it might be divided into three sections corresponding to Layers II, III and IV described by Kusakabe et al. (2008) .
CH 4 increase rates
To illustrate the time evolution before and during degassing, CH 4 concentrations in Tables 2 and 3 (Nyos and Monoun) and CH 4 content below 170 m depth (Lake Nyos) and 91 m depth (Lake Monoun) (Table 4) . The extraction rate by one pipe at Lake Nyos is very slow while at Lake Monoun, three pipes have drastically lowered the gas content. Meantime the estimated total amount of CH 4 continued to increase. Similar to CO 2 , highest concentrations of CH 4 , 7333 µmol/L (Lake Nyos, January 2004) and 3956 µmol/L (Lake Monoun, December 2007), were also observed near the bottom of the lakes below the lower chemocline. The most important finding is that CH 4 concentration in both lakes has been increasing since 1992 and continued even during gas removal. Figures 4(d) and 5(d) show the changes with time in the total CH 4 content estimated using bathymetric data published by Kling et al. (2005) Kling et al. (2005) .
Fig. 3. CH 4 concentration profile in 2011.
The shape is similar to that of CO 2 profile Kusakabe et al., 2008) . respectively at Lake Nyos. The estimated total amount of CH 4 in the lake increased by 0.17 × 10 6 moles/yr from 19.2 × 10 6 moles to 51.2 × 10 6 moles; over a period of 19 years (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) , this represents a 62.5% increase relatively to the methane content observed in 1992 as against 39.20% (from 3.061 ± 0.057 giga-moles to 4.261 ± 0.065 giga-moles (Kusakabe et al., 2008) for CO 2 during the pre-degassing period in layer III (near the bottom of the lake). At lake Monoun, CH 4 concentrations increased by 42.9 µmoles/kg/yr and 48.4 µmoles/kg/yr at 69 m and 95 m depth respectively. The total CH 4 content of the lake increased by 0.015 × 10 6 moles/yr from 2.7 × 10 6 moles to 3.9 × 10 6 moles which, represents an increase rate of ~0.9 × 10 6 moles/yr below 91 m depth over a period of ~14 years (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) that to say, an increase of ~30% relatively to the CH 4 content of the lake in 1992, compared to 29.14% (from 366 ± 11 mega-moles to 404 ± 13 mega-moles (Kusakabe et al., 2008) for CO 2 , during the pre-degassing period in layer III. The highest increase in CH 4 is observed close to the bottom at both lakes. CH 4 concentrations increased faster in Lake Monoun than in Lake Nyos. This observation is in agreement with the fact that Lake Monoun might experience significant importation of organic matter which constitutes the primary material for CH 4 production as pointed out above.
In relative values, CH 4 concentration increases rapidly, more rapid that CO 2 as has been shown above. The present CH 4 build up is a subject of concern since it is Kusakabe et al. (2008) Kling et al. (2005) Concentrations in mega moles.
less soluble that CO 2 and, might tend to strip the latter out (Evans et al., 1994) : when gas saturation is attained and/or if any external disturbance that goes deep enough to uplift water parcel upward where it can attain saturation, CH 4 is likely to be the one to come out of solution first. While escaping, it may entrain CO 2 resulting in massive gas eruption. Therefore, it is important to quantify and qualify the CH 4 increase and evaluate the consequences these changes might entrain in the future and propose solution. Increase in CH 4 during the continuous gas extraction (since 2001 at Nyos and 2003 at Monoun) is quite puzzling; the observed syn-degassing augment in methane concentration could be tentatively explained by the fact that CH 4 removal rate is balanced and further exceeded by enhance bio-methanogenesis (Kling et al., 2005) and/or, additional supply from the hydrothermalsublacustrine system through water-rock interaction (Etiope and Klusman, 2002; Chiodini et al., 2004 Chiodini et al., , 2005 Etiope, 2005) . Whatever its source, the CH 4 concentration in the lakes must be closely monitored.
Total gas pressure (TGP)
Data obtained in January and December 2007 are shown in Table 6 and their profiles displayed in Fig. 6 . It is the first time that TGP profiles for the lakes are published. The shapes of the profiles are similar to those of CO 2 in literature (Halbwachs et al., 2004; Kusakabe et al., 2008; Kling et al., 2005) justifying the predominance of that gas in the lakes. The gas profiles for Lake Monoun obtained in January and December 2007 indicate that the total gas pressure has been remarkably lowered. Over the period referenced above (about one year), gas pressure has decreased by ~40% at 80 m depth and subordinately declined by ~31% at 72 m. Nevertheless, at deepest waters, the gas pressure was decreased by only 9%. The relatively minor decrease at the bottom most waters can be attributed to the layering of the water column (Kusakabe et al., 2008) on one hand and, is inherent to the piping process on another. In fact, pipes suck water laterally instead of vertically; it follows that when the layer at the intake located at depth d is exhausted, it is replaced at the intake by the one above it located at d-x m. The process progressive entrains the subsidence of the whole water column above the piping point. This explains why gas removal is more remarkable to layers above the intake manifold than to that lying below it.
A comparative view of TGP profiles and gas partial pressures profiles plotted for similar depths are shown in Figs. 7 and 8 for lakes Nyos and Monoun respectively. For reference, the saturation lines (hydrostatic pressures) for each lake have also been included. Given that total gas pressures were not measured at Lake Nyos in De- Kusakabe et al. (2008) . The solid lines are the regression lines that best describe CH 4 increase with time. cember 2007, gas partial pressures were instead plotted together with the total gas pressure measured in January 2007 of the same year for comparison.
Fig. 5. Lake Monoun. Increase of CH 4 concentrations (a) and (b). CH 4 concentration at depths below 91 m have been averaged and plotted vs. time and presented in (c); the average concentration for each year was multiplied by the volume of the lake below 91 m to yield gas content for that year; the gas content in each year has been plotted vs. time to show the variation in CH 4 below 91 m depth (d). For comparison with time change in CH 4 , variation in CO 2 content is also shown. CO 2 content data have been taken from
Computation of CO 2 and CH 4 partial pressures and contribution of CH 4 to TGP
Explosive phenomena related to volatile substances occur when, confined, their pressures (concentrations) exceed a threshold limit. In the case of the gas eruptions from lakes Nyos and Monoun, one of the possible causes is that the hydrostatic pressure was not enough to hold the gas any longer (saturation) leading to the drama. During the last two decades, great emphasis has been put to monitor CO 2 in the water columns of the lakes. Because methane is the second most abundant gas in the lakes with a tendency to increase rapidly and given its significant contribution to the total gas pressure, it is essential that its effect on water column be carefully evaluated. That evaluation could be done by converting the concentrations of dissolved gases into in-situ pressures. The gas partial pressures were calculated using the Henry law's approach. The temperature dependence of Henry Law's constant for CO 2 and CH 4 were taken from Taran (2005) . Temperatures for target depths were taken from Table 5 . Gas partial pressures were calculated as shown in Supplementary Materials. The pressures values and their profiles for Lake Nyos are shown in Table 5 and Fig. 7 for depths below 91 m and 120 m for lakes Monoun and Nyos respectively are given in Table 5 . Note that the limited interval of depths over which the calculation was done is impose by the gas-self lifting: the FDP related techniques take advantage of the gas self-lifting principles, but unfortunately, it is also its weakness when it comes to sample depths where gas concentration is not enough to drive the process.
The pressures values and their profiles for Lake Nyos are shown in Table 5 and Fig. 7 . All three profiles (P gas , P CO2 , P CH4+CO2 ) run down almost vertically, with a slight positive gradient down to 207 m depth. Within that depth range, concentrations vary from 307.8 µmoles/kg at 120 m to 3694 µmoles/kg where they represent on averagẽ 0.4 mol % relatively to the total gas concentration and contribute ~4.7 mol % to the total gas pressure. Below 207 m, a sharp positive pressure gradient is observed down to 210 m; in that interval, CH 4 makes up ~0.6 mol %. If we integrate into our data set the 2004 value of 7330 µmoles/kg (see Table 3 ) representing the concentration at 210 m depth reported by Kling et al. (2005) , the concentration will amount on average to ~5500 µmol/kg for bottom most waters. Methane would then contributẽ 18.6% to TGP and 13% of the saturation level at depth below 207 m. At Lake Monoun, the pressure attained 2.9 atm below 98 m depth (Table 5 , Fig. 8 ). This is more than half of CO 2 partial pressure (CH 4 = 2.88 atm and CO 2 = 4.65 atm). Overall, CH 4 contribution to TGP below 93 m represents more than one third, ~37%, although its average concentrations is only ~2.2 mol %.
Based on results presented above, the CH 4 concentrations near the lake bottoms might double every ~20 years. In the case of Lake Monoun, if we hypothesized the degassing shall stabilize the CO 2 concentrations at current level, and methane continues to increase at depth below 96 m according to above estimated rates, its quantity will triple in the next 50 years. CH 4 will then contribute ~5.6 atm to total gas pressure, slightly more than the current CO 2 partial pressure and a half of hydrostatic pressure. More importantly, the sum of the CO 2 and CH 4 partial pressures shall attain saturation level. In Lake Nyos, attainment of similarly conditions may require longer time but is likely to occur within a century. These observations are based on the current "methanation" of the lakes. Lake Monoun is likely to be the first potential candidate because of continuous sedimentation of organic waste which constitutes primary material for CH 4 production. Whatever the case, the evolution of methane must be closely monitored because of its remarkable contribu- tion to the total gas pressure. Kusakabe et al. (2008) have shown that, barely 20 years after the gas burst at Lake Monoun, waters at 50-58 m depth have almost attained saturation in 2003. If we admit that saturation was the cause of the 1980s gas burst, Kusakabe et al. (2008) 's observation suggests that gas may be exhaled from that lake every 25-35 years period or so. One would never know the CH 4 concentrations and the role it played during the 1980s deadly events. However, it is obvious that gas saturation might be reached much more rapidly if CH 4 continues to increase, likely reducing the periodicity of catastrophic gas exhalation. If subsequent surveys confirm enhanced methanogenesis, then device such as the one proposed by Yoshida et al. (2010) must be put in place without delay to prevent any gas build up. The proposed system that will pump the bottom most water to the surface will use a solar energy driven pump which will be inserted in the present pipes. The system is projected to be robust and almost maintenance-free. The proposal to set up a new device to continuously remove gas from the bottom of the lakes, thus preventing any gas build up is of a great importance. It is well known that populations living in hazardous volcanic areas quickly return to their settlement once hazard menace ends. That is mainly due to the fact that the short-term threat posed by volcanoes related structures is strongly balanced by the volcanism over geologic time (Mason et al., 2004) and even at human scale time, we would say. Concerning that assertion, displaced populations of Nyos area do not constitute an exception; in search of good grazing lands and fertile soils, they have started to return on their lands after more than 25 years of exile. After the mid-1980s trauma, the population needs to live in a safer place for them to reconstruct their socio-cultural and economic environment. Because now people living near crater lakes fear repetition of lakes Nyos and Monoun syndrome, they live in kind of permanent psychological unrest judging from the frequency at which, several uncommon events related to some cater lakes (e.g., Lake Barombi Mbo in the 1940s and 2012; Lake Oku in 2010 and Lake Wum in 2001) (Issa et al., 2011 ; IRGM internal report) have been reported to authorities for investigation.
CONCLUSION
Several techniques have been jointly used in this study to determine CO 2 and CH 4 concentrations and their partial pressures. Subsequently, their respective contributions to total gas pressure in gassy lakes Nyos and Monoun have been assessed. The possible risks that increase in CH 4 might entrain in the future have been highlighted and some solutions advised to evaluate and pre-empt the risks posed to the population. The study has also shown that with relatively little apparatus mobilization, it is possible to evaluate the effect of each gas species in the lakes. The GA that was used in this study is designed to analyse, CO 2 , CH 4 and O 2 . In addition to these three gases, the lakes also contain N 2 and H 2 S; by using a suitable gas analyser, it will be possible to evaluate more precisely the effect of each gas. The method is laboratory analysis free, therefore cheap and suitable for developing countries where the prohibitive costs of analytical apparatus induced by volcanoes monitoring/surveillance watch systems constitutes the major obstacle to setting up observatories and hazards surveillance policies (Scarpa and Tilling, 1996) . In consequence, the promotion of the type of techniques used in this study and in Yoshida et al. (2010) could foster the setting up of surveillance networks in those countries, thereby reducing the risks from volcanoes related structures.
The use of a new technique to evaluate the status of the gassy lakes Nyos and Monoun was the central goal of this study. The quite good overlap of estimated P CO2 + P CH4 and TGP profiles measured by the gas pressure probe is a good testimony of the applicability of the method. The apparent mismatch observed between P CH4 + P CO2 and TGP profiles concerning Lake Nyos rather reflects the lowering of the pressure due to gas removal between January 2007 when the probe was done and December 2007 when methane was measured.
